Background: Immediate flap reconstruction for partial vaginal resection is often performed with resection of colorectal, gynecologic, and urologic malignancies. Surgical and functional outcomes have not been well described. The aim of the authors' study was to identify factors associated with improved outcomes in patients undergoing immediate flap reconstruction for partial vaginal resection. Methods: The authors reviewed all consecutive partial vaginal resections with immediate flap reconstruction at their institution between 2000 and 2009. Patient, treatment, and outcome data were collected and retrospectively analyzed. Logistic regression was used to evaluate predictive factors associated with complications. Results: Seventy-two women were included in the study. Mean follow-up was 32 months (range, 1 to 93 months). The most common pathology was rectal adenocarcinoma (63 percent); 89 percent of patients underwent preoperative radiotherapy and 87 percent preoperative chemotherapy. Most vaginal defects were located posteriorly (72 percent) and reconstructed with vertical rectus abdominis myocutaneous flaps (87 percent). Readmission or reoperation was required in 8 percent of patients. Complications were higher in patients who received preoperative radiotherapy than in those who did not (66 versus 25 percent) and who had posterior defects rather than anterior defects (66 versus 30 percent). Patients experiencing postoperative complications had higher preoperative radiation doses (p ϭ 0.014). Of 24 patients with available postoperative sexual function data, 68 percent reported successful penile-vaginal intercourse. Conclusions: Immediate flap reconstruction for partial vaginal resection has a high incidence of minor complications. Preoperative radiotherapy is associated with increased complications. Most patients able to practice penile-vaginal intercourse preoperatively also could postoperatively. For patients undergoing pelvic oncologic resection, immediate flap reconstruction for partial vaginal resection should be considered; however, counseling on relevant risks and functional outcomes is vital. (Plast.
W
ith increasing frequency, immediate flap reconstruction for partial vaginal resection is being offered to and performed for patients in conjunction with radical oncologic pelvic surgery. Currently, several options are available for repairing vaginal defects, including the use of skin grafts, 1 local flaps, 2 various intestinal substitutes, 3, 4 thigh flaps, [5] [6] [7] and abdominal flaps. [8] [9] [10] [11] Each of these reconstructive techniques has potential benefits and potential risks, depending on the defect location and size and the reconstructive goals. The goals of immediate flap reconstruction for partial vaginal resection include closure of the perineal wound, elimination of pelvic dead space and potential for fluid collections, prevention of perineal herniation, improved wound healing, restoration of coital function, and improved psychosexual quality of life and body image. 12, 13 Despite these potential advantages, surgical procedures to restore vaginal form and potential function in patients undergoing extensive extirpative procedures can result in increased morbidity, including infections, delayed wound healing, flap loss, abdominal hernias or bulges, and extensive operative times. Important considerations when performing immediate flap reconstruction for partial vaginal resection include optimizing sexual function, minimizing additional operative time, and minimizing flap donor-site and recipient-site morbidity.
Although we know immediate flap reconstruction for partial vaginal resection has many advantages and disadvantages, specific factors associated with better or worse outcomes among patients undergoing these procedures are unclear from the existing literature. We feel that patient selection is important for achieving optimal outcomes, and as such, certain patient, defect, and reconstructive factors may be associated with improved outcomes. In addition, there may be select conditions in which patients are better served, overall, without attempting a functional vaginal reconstruction. We proposed to identify the specific patient, disease, and reconstructive factors associated with surgical, oncologic, and functional outcomes in patients undergoing immediate flap reconstruction for partial vaginal resection. Therefore, we conducted a retrospective review of cases performed at our institution over the last 9 years to evaluate both the overall surgical and oncologic outcomes in patients undergoing immediate flap reconstruction for partial vaginal resection as well as the reconstructive outcomes related to sexual function.
PATIENTS AND METHODS
We reviewed the records of all consecutive patients who underwent partial vaginal resection at our institution between December 31, 2000, and March 1, 2009. Data on patient demographics, tumor characteristics, oncologic treatment, tissue defects, reconstruction methods, and outcome, which had been prospectively entered into a departmental database and patients' medical records, were reviewed retrospectively for this study. The study was approved by The University of Texas M. D. Anderson Cancer Center Institutional Review Board, and informed consent was waived. Patients' demographic data, tumor characteristics, and oncologic and surgical treatment were reviewed. Patients were included in this study if they had undergone immediate flap reconstruction with a pedicled musculocutaneous or fasciocutaneous flap after extirpative surgery for gynecologic, urologic, or gastrointestinal malignancies. Patients were excluded if they had undergone total vaginal reconstruction or partial vaginal reconstruction for conditions such as chronic fistula, stenosis, or agenesis. Patients were also excluded if they had undergone immediate flap reconstruction with muscle-only flaps (with or without skin grafts), multiple flaps, or free flaps. Pedicled flaps included thigh-based and abdomen-based flaps. The choice of reconstructive procedure was determined by patient and surgeon preference, flap availability, and previous abdominal surgery. The symphyseal tendinous insertion of the pedicled vertical rectus abdominis myocutaneous (VRAM) flap was left intact to prevent inadvertent avulsion of the vascular pedicle and tension resulting in a traction injury. The resection location was described as apical, anterior, posterior, or posterior/lateral based on the tissue resected in the vaginal wall. For statistical analysis, location was designated as anterior (anterior and apical) or posterior (posterior and posterior/lateral). Postoperative protocols to optimize functional outcomes included standardized wound care and manual dilatation. Digital dilatation 7 to14 days postoperatively is started based on wound healing. To prevent stenosis, vaginal dilators starting at 4 to 6 weeks in radiated patients are begun, and vaginal intercourse is allowed at 6 to 8 weeks.
Surgical and functional outcomes, including donor-site and recipient-site complications and coital function, were recorded when available in the patient record. For statistical analysis, flap donor and recipient sites were evaluated separately. Partial flap loss was defined as flap necrosis involving less than one-third of the flap volume. Wound dehiscence was defined as minor if the separation of the wound edges involved less than one-third of the incision length and required only dressing changes and major if the separation involved greater than one-third of the incision length and/or required operative intervention. Delayed wound healing was defined as a wound's requiring greater than 2 weeks for complete opposition of edges. Enterocutaneous fistulas were documented with physical examination and/or radiographic evaluation.
Statistical Methods
Frequencies and percentages are reported for categorical variables (such as comorbidities, smoking status, and complications). Summary statistics, including the number of observations, mean, median, standard deviation, minimum, and maximum, are provided for continuous data (such as age and body mass index). The chi-square or Fisher's exact test was used to evaluate the association between two categorical variables as appropriate. The Wilcoxon rank-sum test was used to compare the distributions of continuous variables between patient groups. Multivariate logistic regression models were fitted to investigate the effect of patient characteristics on the occurrence of postoperative complications and recipient-site complications. Significant variables were first evaluated by univariate analyses; then, their effects on complications (overall, donor, and recipient) were studied when indicated in multivariate logistic regression models. All tests were two-sided. All the analyses were performed with SAS 9.1.3 statistical software (SAS Institute Inc., Cary, N.C.).
RESULTS

Patient, Tumor, and Preoperative Treatment Characteristics
Patient, tumor, and preoperative treatment characteristics are summarized in Table 1 . Seventytwo patients were included in the study. The mean follow-up time was 32 months (range, 1 to 93 months). Patients' ages ranged from 20 to 86 years (mean ϭ 57 years). Patients' body mass index ranged from 11 to 38 kg/m 2 (mean ϭ 25 kg/m 2 ). Of the 72 patients, 39 percent had one or more comorbidities, the most common being hypertension; 83 percent had previous abdominal surgery, and 43 percent were active or former tobacco users. The most common tumor pathologies were rectal adenocarcinoma (63 percent) and anal squamous cell carcinoma (24 percent). Preoperative external beam radiotherapy was administered in 89 percent of patients (mean dose ϭ 50.0 Gy), and preoperative chemotherapy was administered in 87 percent of patients.
Oncologic and Surgical Characteristics and Outcomes
Oncologic and surgical characteristics are presented in Table 2 . The mean surgery duration was 271 minutes (range, 88 to 676 minutes). The mean length of hospital stay was 13 days (range, 3 to 59 days). The most common types of oncologic resection were abdominoperineal resection (55 percent) and pelvic exenteration (38 percent). The mean vaginal resection defect size was 73.4 cm 2 (range, 6 to 200 cm 2 ), and the most common resection location was posterior (72 percent). None of the posterior defects involved a sacrectomy, and seven involved an en bloc coccygectomy in patients with recurrent cancer. Reconstructions were performed with a pedicled VRAM flap (87 percent) or a thigh-based (either anterolateral thigh or gracilis myocutaneous) flap (13 percent). At a mean follow-up of 32 months, 50 percent of patients had no evidence of disease.
Sexual Function
Sexual function outcomes are summarized in Table 2 . In 24 patients (33 percent), reliable preoperative and postoperative (assessed at least 6 months postoperatively) sexual activity details were available. Of the patients who did not have penile-vaginal intercourse postoperatively, 29 percent did not have sex preoperatively. Of patients who had penile-vaginal intercourse preoperatively, 68 percent were able to continue postop- 
Complications
Complications are summarized in Table 3 . Forty-nine complications occurred in 44 patients (61 percent), including 16 donor-site and 33 recipient-site complications. Common donor-site complications included minor wound dehiscence/delayed wound healing, and major complications included abdominal hernias, operative wound, and abscess. The most common minor recipient-site complication was wound dehiscence/delayed healing, whereas common major recipient-site complications included partial flap loss and perineal/vaginal fistulas. Complications necessitated hospital readmission in two cases and reoperation in four cases (together, 8 percent). The partial flap loss rate was higher with gracilis myocutaneous flaps than with other flap types [one of two (50 percent) versus three of 70 (4 percent)].
The associations between complications (overall postoperative complication, donor-site complication, or recipient-site complication) and patients' characteristics were first evaluated in univariate analyses. The patients undergoing posterior (posterior and posterior/lateral) vaginectomy had higher rates of complications than did patients undergoing anterior (anterior or apex) vaginectomy (66.1 percent versus 30 percent; p ϭ 0.040). The patients who received preoperative radiotherapy had higher rates of complications than did those who did not (65.6 percent versus 25 percent, respectively; odds ratio, 5.73; 95 percent CI, 1.07 to 30.76; p ϭ 0.042). In addition, the patients who experienced any postoperative complication had higher preoperative radiation doses than those who did not (p ϭ 0.014). Posterior vaginectomy, preoperative radiotherapy, and lack of ileal conduit were associated with higher recipient-site complication rate (p ϭ 0.097, 0.063, and 0.063, respectively). Postoperative donor-site complications were not significantly associated with any of the patient and disease characteristics. 
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To further evaluate the effects of preoperative radiotherapy on any postoperative complication, multivariate logistic regression models were fitted to include other pertinent patient variables. With the adjustment for comorbidity, smoking status, preoperative colostomy, and preoperative chemotherapy in the model, preoperative radiotherapy was still an independent predictor for any complication (odds ratio, 7.78; 95 percent CI, 1.27 to 47.56; p ϭ 0.026). Multivariate analysis was not performed for donor-site complications because of the limited number of events (n ϭ 16). Preoperative radiotherapy was associated with increased recipient-site complications; however, this did not reach statistical significance (odds ratio, 7.78; 95 percent CI for odds ratio, 0.78 to 77.31; p ϭ 0.08) with the adjustment for comorbidity, oncological procedure, and preoperative chemotherapy in the multivariate logistic regression model.
DISCUSSION
We found that preoperative radiotherapy is an independent predictor of complications and is associated with an increased rate of recipientsite complications. Although minor complications are common, immediate flap reconstruction for partial vaginal resection can be accomplished successfully with complete wound healing and the potential for continued penilevaginal intercourse in selected patients. To our knowledge, this is the largest and first study to specifically focus on partial vaginal resection in complex cancer reconstruction.
Our preference for immediate flap reconstruction for partial vaginal resection at our institution is the pedicled VRAM flap, which has been shown to be superior to other available pedicled flaps for both vaginal and perineal reconstruction after extirpative oncologic surgery because of greater bulk, good arc of rotation, shared donor site with oncologic procedure, and reliable vascular supply. 8, 11, 14 Although VRAM flaps had the lowest incidence of recipient-site complications and the lowest rate of partial flap loss, the statistical significance of these findings could not be determined because of the low number of patients who underwent thigh flap procedures.
Preoperative radiotherapy was shown to result in a nearly 8-fold increased risk for any complication and was found to be the only predictive factor for any complication. Preoperative and adjuvant radiotherapy is an integral part of treatment for colorectal, gynecologic, and urologic cancers. As such, reconstructive surgeons are asked to participate in resection of these malignancies so that well-vascularized tissue can be placed in an irradiated field that may otherwise be at risk for compromised wound healing, fistula formation, and pelvic fluid collections. [15] [16] [17] [18] [19] A previous study at our institution found that immediate placement of VRAM flaps for irradiated abdominoperineal resection defects results in a lower incidence of perineal abscess, major perineal wound dehiscence, and drainage procedures than those closed primarily without flap placement. 17 Unfortunately, we do not have a control group who underwent partial vaginectomy in whom the wound was closed primarily rather than with a flap reconstruction. However, we did find that often the flap for partial vaginal resection is also utilized for perineal closure when an extensive oncologic resection is performed (Fig. 1) , such as an abdominoperineal resection, and as a result, likely has the same protective effect as has been found when used for abdominoperineal resection defect closure. 17 In addition, one would expect that patients with recurrent cancer are at significantly increased risk for complications because of prior surgery compounded with prior radiotherapy; however, in our patient cohort, recurrent tumor was not a risk factor for either donor-site or recipient-site complications. We did find, however, that patients with higher radiation doses were significantly more likely to have a complication. In addition, obesity and tobacco use, which have been shown to be risk factors for delayed wound healing, 20 were not associated with increased complications in our cohort of patients. This finding may reflect the limited number of events, resulting in underpowered statistics.
Data concerning sexual function after reconstruction for partial vaginal resection are limited, presumably because of a lack of discussions and documentation related to this outcome measure. Hendren et al. reported in a series of 54 patients that only 20 percent of patients remembered a preoperative discussion of expected sexual functional outcomes. 21 Most studies about sexual function have focused on total vaginal reconstruction, with reported postreconstructive rates of penile-vaginal intercourse ranging from 26 percent to 84.6 percent. 9, 10, 12, [22] [23] [24] [25] [26] For patients undergoing total vaginal reconstruction, Smith and colleagues 25 reported satisfactory sexual function in 85 percent of patients who had reconstruction with a rectus abdominis myocutaneous flap compared with 47.5 percent of those who had reconstruction with a gracilis myocutaneous flap. 23 Self-consciousVolume 127, Number 2 • Partial Vaginal Reconstruction Outcomes ness about ostomies and nudity, absence of pleasure, vaginal dryness, pain, and stenosis have been reported as reasons for lack of penile-vaginal intercourse after vaginal reconstruction. 21, 23 In our cohort of patients, we found similar reasons for not having penile-vaginal intercourse, and the most notable predictor of postoperative sexual intercourse was preoperative sexual intercourse.
Although analysis of this large cohort of patients has provided important new knowledge, the limitations of a retrospective study, the low number of thigh flaps, missing sexual activity data, and the lack of a control group warrant future prospective studies focusing on preoperative and postoperative factors affecting surgical and sexual function outcomes to better understand the impact that partial vaginal resection is having on this patient group.
CONCLUSIONS
Although partial vaginal resection with immediate flap reconstruction has a high incidence of early complications, many of them are minor. Preoperative radiotherapy is associated with increased complications. Sexual function can be preserved in many patients. While immediate flap reconstruction for partial vaginal resection can be considered for patients under- 
